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PRODUCTION IN ALFALFA 
BY J. N. MARTI N 
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IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
BOTANY SECTION 
AMES, IOWA 
SUMMARY 
As a result of the experiments carried on to determine the 
effect of moisture upon seed production in alfalfa, the following 
conclusions have been drawn, based upon the work of the ex-
perimellts as presented in this bulletin: 
1. The setting of seed pods in alfalfa, (JV[edicago sativa), is 
dependent npon the proper functioning of the pollen. 
2. Gp.rmination of the pollen depei1ds upon a proper supply 
(l! moisture. If 1he water supply is either above or below a 
certain requirement, the pollen does not germinate. 
3. The water requirement for germination of the pollen 
depends upon a certain ratio between the moisture delivered 
1.) the stigma and the moisture of the air surrounding the 
stigma. 
4. It follows, therefore, that when the optimum supply of 
soil and atmospheric moisture for pollen germination is avail-
able, an increase in soil moisture, resulting in an increased 
moisture delivery of the stigma, or a change in the atmos-
pl..eric moisture, disturbs the required moisture supply for 
pollen germination and prevents fertilization. 
5. The blasting of seed is due to the arrested development 
(\:1' the embryo. 
6. Thi.s arrestment may be due to the plant's inability to 
furnish 1he proper water and food supply for the maturing 
of seed during drought, or it may be due to the pathologi-
cal condition to which the seed is more susceptible under 
drought conditions. 
RELA TION OF MOISTURE TO SEED PRO-
DUCTION IN ALFALFA 
By J. N. Martin, 
, Associate Professor of Botany, Iowa State College,'''' 
It has been known for several years that alfalfa grown in 
Iowa often does not produce seed. Because of the uncertainty 
of getting a crop of good quality, and because of the resulting 
high price of good seed, the question why the seed fails to 
mat.ure is one of vit.al interest to Iowa agriculture. This 
bullet.in is based upon experimcntal work done in an attempt 
to solve this problem. So far as the experiments go, the cause 
has been determined as lying in failure to secure a proper 
supply of moisture in soil and atmosphere. There yet remains 
to find a remedy. 
The investigations dcscribed in this bulletin were carried 
011 at the Iowa Agricultural Experiment station during the 
:mmmer of 1914. 'l'he whole subject of alfalfa seed production 
seemed to hinge on the question of moisture, as far as the re-
sults of previous experiments at other stations were concerned. 
The problem in this investigation was to take up this question 
and by careful experiments determine as definitely as possible, 
just what this l1wis.m·e influen ce is. 'l'he task ot cOlltrol1111g 
it was attempted and data secured as to the results when the 
moisture conditions affecting seed production were varied. 
The work ,vas limited to the Olle species, Medz'cag-o satz'va 
The age of the plants was two years on one plat and three 
or more years on the other. No difference, however, in the 
behavior of the plants of these different ages was discovered, 
so no mention of age is made in recording the data. 
'l'he experiments carried on ill the laboratory were first, 
to determine the conditions which control the germination of 
alfalfa pollen. 'l' hil'teen sets of pollen were tested out in 
sugar solutions of varying percenta ges. Other pollen tests 
were made ill an artificial moist air chamber. Germination 
was induced on various sllhstratul11s composed of animal mem-
brane, parchment, and blotting p~pel'. To carryon these ex-
periments, an artificial stigma was devised, with the lower 
end immersed in water or sugar solution. 
* The au thor wishes to exp l'ess hi s thanks to Prof. H. D. Hughes Who 
turned ave,· to him some of hi s alfalfa plats and gave him gl'eenhouse space. 
He is alSo mu ch indehted to J. H. Frazier, who helped take care of the plants 
and keep records. 
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The second set of experiments was conducted with actual 
plants to determine whether the results obtained from the 
artificial stigllla would be sustained. Tests w'ere made with 
wilted plants in different percents of atmospheric moisture, 
on wilted stigmas with high moisture content, with plants 
grOI'in in greenhouse, and with watel:ed plants growing in the 
field . Other experiments were also carried on to secure data 
upon which to base the conclusions drawn. 
HISTORICAL 
Before discussing these experiments it is worth while to 
note what has already been done in this field and to make a 
resume of the literature that has already appeared. There 
arc, of course, many bulletins D,nd papers dealing with various 
phases of alfalfa culture, but only those which bear upon the 
work of this bulletin will be mentioned here. 
TenEyck 1 in discussing the alfalfa seed crop in Kansas, 
states that the general experience is that the soil should be 
well drained and of average fertility. A very fertile soil 
supplied with abundance of moisture, produces plant but not 
seed. He gives it as the opinion of many alfalfa growers that 
the 'weather is a more important factor than the soil in seed 
production, and says that the majority agree that only a mod-
el'C,te supply of moisture should be available during the early 
season, and no heavy rains should fall during the time of 
bkoul1ng. On the other hand, he says that very hot, dry 
weather, with a deficiency of moisture, may result in light, 
b1<181 ed seed. A rather thin stand of vigorous plants favors 
seed dc vej('I'l:..tt nt. 
"\Vestgate2 has shown by experimental data that isolated 
plants produce seed better than if crowded. This he attributes 
to the increase in avai.lable sunlight, as a result of which seed 
is produced over the entire plant and not restricted to the 
top as in thick stands. 
Plants shaded by trees do not produce seed normally. In 
areas of light rainfall, "\Vestgate thinks that crowding deprives 
the plants of moisture and prevents the maturing of the seed. 
On the other hand, much rai.n while the seed is developing 
encourage!> growth of the bm;al shoots at the expense of the 
seed crop. He states that in the more humid parts of the 
;':Teat plains, profitable seed crops are obtained only in those 
1. Ten Eyck, A. M. Alralfa. Bull. Kansas Exp. Sta. 155: 214-225. 1908. 
2. Brand, C. J. and Wes tgate, J. M. Alralfa in cultivated r ows ror seed 
production in semiaJ'id reg'ions. Cir. U. S. Dept. o r Agl'. BUl'eau or Plant In-
(lustI'Y. 24: 1909. 
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seasons when it is so dry that the yields of other crops are 
much reduced. 
Blin1l3 has done some selecting for seed yield with posi-
tive results, but thinks that seed production depends more 
upon climatic and cultural conditions than upon an inherit-
able trait. Blinn says further that the proper supply of mois-
ture is most important. The heaviest yield of seed is produced 
by plants having a relatively slow, dwarfed growth. The 
usual system of flooding in irrigated regions supplies too much 
water and no seed is produced. On the other hand, without 
irrigation, pods may set but seeds are blasted. He adds that 
when the plants get the right amount of moisture at the right 
time, a good seed crop is realized. 
Willis and BOpp4 say that one factor of prime import-
ance in production of alfalfa seed in South Dakota is that the 
availahle moisture supply be somewhat limited at the time 
when the plants are in bloom and seed is forming. 
According to Shoesmith,5 the conditions that favor the 
produetion of alfalfa seed in Michigan, are rather dry, sun-
shiny weather from the beginning of bloom until maturity of 
seed; soils that are light and of only medium fertility; and 
thin stands which allow the "vind and sunlight to strike the 
f';ides of the plants as well as the tops. 
Blinn,6 in a later Colorado bulletin, says there is ample 
evidence to show that how, when, and where moisture is sup-
plied, as well as the amount of water, has something to do 
with seed production. He concludes from field tests that the 
soil may be too dryas well as too wet for the proper function-
ing of the flowers. He suggests that the seed yield may be 
raised by selecting the better seed producing strains, by select-
ing fields not oversoaked with subsoil moisture and by grow-
ing the plants in rows and regulating the moisture by proper 
cultivation and irrigation. 
Jardine and CalF report that good crops of alfalfa seed 
are frequently produced in western Kansas, but in central 
and eastern Kamms profitable seed crops are produced only in 
the driest seasons. 
Piper,8 concludes from his work that no importance 
should be attached to the friction of the stigmatic surface on 
3. Blinn, P. K. Alfalfa studies . Bull. Colorado Exp. S tu. 15 4: 1910. 
4. Willis , ClilTord and Bopp, J. V. Alfalfa Bull. S . Dakota Agr. Exp. 
Sfa.120. 1910. . '4 
5. Shoe smith, V. M. Alfalfa growing in ~Iichigan. Bull. Mich. Agr. Exp. 
Sta. 271. 1913. 
6 Blinn, P. K. Alfalfa s e ed production. Bull. Col. Agr. Exp. Sta. 271. 
1913 
7. Jardine , "v. M. and Call , L. E . Alfalfa in Kansas . Bull. Kan. Agr. 
Exp. Sta. 197. 1914. 
8. Piper, C. V. Alfalfa se ed production ; pollination s tudies. Bull. U. S. 
Dep.ofAgr.75. 1914. 
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the keel, or to the rupture of the stigma in the production of 
seed. }]f:' also lound that partial shading did interfere with 
seed feL' :ing 
Aecol'ding to the report of Hughes9 , alfalfa seldom pro-
duces a Reed crop in Iowa. This he attributes to too much 
rainfaH. He reports some good seed yields in 1910 and 1911, 
hnt ,,,it]; llo1'11'1:11 rainfall, ordinarily the flowers fail to develop 
seed pods. 
The re~1Jl1s secured by previous workers show that the 
amount of moisture at the time of flowering and during the 
maturing of pods is an important element for seed production. 
Failure is usually due to too much moisture, but occasionally 
to an insufficiency, especially in the maturing of pods. 
EXPERIMENTAL 
Since it has been sho'w11 conclusively by previous experi-
ments that alfalfa does not set pods without pollination, two 
definite problems face the investigator in solving the 
question of the relation between moisture and alfalfa seed 
production. 'rhe first one is the relation of moisture to fer-
tilization; the second one, the relation of moisture to maturing 
seed. The writer's w'ork at the Iowa Agricultural Experiment 
station has heen limited mainly to the first problem; but 
some ohservations were made on the second. 
Fertilization depends upon the proper functioning of 
ovule !"!Jl([ pollen and if the amount of moisture controls fer-
tjiizni i,m, it must in some way influence or interfere with the 
propel' f1l11ctioning of these organs. 
The writer 10, had found that the ovary of alfalfa nor-
ma lly produces from 12 to 18 ovules, all of which produce 
normal el1lhl'Yo sacs. If all ovules matured into seed the 
average yield " 'ould be from three to six times the yield 
which is usually obtained. After fertilization, from one to 
six ovulf:'s begin to develop into seed, while the others abDrt. 
The cause of abortion is not a lack of fertilization, but is 
apparently due to the fact that a few ovules monopolize the 
food supply. The number of ovules matured by different 
plants is variable and there is a possibility of isolating strains 
which will give better seed :yields per pod than is obtained 
from the average plant. 
The work on fertilization was done ,Yith plailts in the 
green house. No fusion of sex nuclei. ,,,as found, but two ai.ld 
9. Hughes. H. D. AlfaJra management in Iowa. Boll. Iowa Ag,·. Exp. 
Sta. 137. 1913. 
10. Mal'tin, J. N. The compal'ative mOI'phoJogy or some legumin(lsae 
Bot. Oaz. 58: 154-167. 1914. 
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three-celled embryos were found 32 hours after pollination, 
while thel'e "vas no evidence of fertilization 24 hours after 
pollination. In these plants, the time required for fertilization 
was between 24 and 32 hours. 
EFFECT OF MOISTURE ON FUNCTIONING OF OVULES. 
The writer found that red clover develops many sterile 
ovules and this sterility is apparently greater under moist 
conditiom;. These sterile ovules produce no eggs and hence no 
fertilization or seed results. A study of alfalfa ovaries taken 
from the field when no pods were setting, showed normal 
ovules ready for fertilization. 
To determine the effect of moisture upon the functioning 
of t.he ovules, a preliminary experiment was run. A glass box 
2'x3'x3' was provided, t.hru which air was drawn by means 
of a suct.ion pump attached to a tap. By a system of holes ' in 
the frame and by leaving t.he door partly open, the atmos-
pheric moisture was kept at about 95 per cent. Plants were 
kept. in this box while they developed t.heir flowers and were 
well wat.ered. The flowers were tripped and soon fell without 
setting' pods. An examination of the ovaries showed that 
there were normal embryo sal'S but no fertilization. 
From this result the conclusion was drawn that neither 
soil nor atmosphere moisture interfered with the development 
of the ovule. Attention must be directed, therefore, to the 
pollen. 
CONDITIONS WHICH CONTROL GERMINATION OF 
POLLEN 
In order to study thoroly the effect of moisture on germ-
ination, experiments were conducted under as many different 
conditions as possible, both artificial and natural. To con-
trol osmosis, the pollen was placed in sugar solutions. Ger-
minat.ion was tried in moist air, produced by artificial means. 
Other tests were made on v'arious kinds of sub-strata, such as 
parchment, blotting paper, and tin foil; these were tried over 
tuhes filled with distilled water and over others containing 30 
percent cane sugar solution. 
RESULTS WITH SUGAR SOLUTIONS. 
In the use of sugar solutions, varying percentages of cane 
sugar solutions were made up. About 1 cc. was placed in a syra-
cuse watch glass. The pollen was then removed from open flow-
ers with a scalpel or toothpick and put in the sugar solution. 
The watch glasses were then covered to prevent evaporation. 
The test.s were run at room temperature which ranged from 
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25° to 30° C. Table I gives the results of the germination 
obtained with 13 sets in different percentages of the sugar 
solution. 
TABLE I. 
GERMINATION OF POLLEN IN SOLUTIONS OF CANE SUGAR. 
Number of set with percent of germination. 
Average 
Cane sugar 
1 \ 2 1 3 1 4 1 5 1 6 1 
I 
81 9 1 1O I u l12 1 13 
percent or 
percent 7 1 germination 
13 
U 
0 0 0 .8 
15 0 2 0 .5 
20 20 20 20 15 15 20 0 0 0 1l.3 
22 5 20 20 30 30 10 2 0 2 0 15 0 10.3 
23 80 5 10 30 50 50 15 3 15 2 32.7 
26 90 30 15 0 12 15 30 50 50 0 20 4 26.3 
28 0 30 90 90 20 20 15 0 20 20 30 40 4 ~9 
30 95 80 75 90 15 15 30 80 80 60 35 50 15 55.4 
33 2 15 40 40 25 60 40 60 60 50 40 30 75 41,3 
35 75 95 95 12 50 20 75 75 0 25 60 53 
38 75 75 80 5 10 2 25 25 3 0 40 31 
The results as shown by table I are extremely variable. 
As an example, good, poor and no germination were obtained 
in 28 percent and upon examination, it was noticeable that 
the best germination occurred near the edge of the solution. 
Germination of 90 and 95 percent was often obtained along the 
margin of the solution, while within the solution the percent-
age was zero. So the percentage of germination was depend-
able upon the percentage of pollen that happened to be near 
the margin of the solution. 
This better germination about the margin indicates that 
the solution interferes with gaseous exchanges requisite for 
germination. This was further evident in the small amount 
of growth made by pollen tubes. When germination was 
good, the tube length did not exceed 144 microns in twelve 
hours and nearly all growth was made in the first hour. 
The tables do show that the most favorable percents lie 
between 20 and 38 percent. The best average was secured in 
30 percent. Bursting appeared in 20 percent and 'increased as 
percentage decreased. 
RESULTS OF GERMINATION TESTS IN MOIST AIR. 
Good germination was obtained in , ~ moist air chamber 
which was secured by fastening celloiden rings to a slide and 
covering the open end with moist blotting paper or animal 
membrane. The pollen was deposited on the slide at the bpt-
tom of the ring and by fastening another slide over the ring 
by means of rubber bands, the apparatus could be turned up-
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side down and the behavior of the pollen o15served with the 
microscope. If the membranes were neither too wet nor too 
dry, from 90 to 100 percent germination was secured. 
Several readings were made to determine the rate of 
growth in moist air at a temperature of 30 degrees. A fair 
average, counting from the time the experiment was set, is 72 
microns for the first 20 minutes and 144 in 40 minutes. After 
a period of six hours, tubes ranged from 1 to 2% mm. in' 
length. 
Germination proceeded much better in moist air than in 
sugar solutions. It was found that the pollen will germinate 
in the flowers if the plants are stored in a moist chamber. 
Several times plants collected for pollen were left in the closed 
vasculum for two or three hours before use. In setting tests, 
it was found that the pollen had already germinated, and 
germination was so general that very few or no flowers could 
be found in which germination had not occurred. 
RESULTS OF GERMINATION TESTS ON SUBSTRATUM. 
It was found that pollen sown on animal membrane, parch-
ment, or blotting paper properly moistened, gave as good 
germination in laboratory air as was secured with tests in 
moist air. 
The membrane and paper were cut into small pieces and 
soaked in distilled water. After soaking, they were pressed 
on blotting paper until no surface moisture was evident. They 
were placed on slides and pollen was spread over their surface 
with a scalpel. Too much moisture in the substratum caused 
bursting or prevented germination, and if it was too dry, the 
pollen would become plasmolyzed or would become turgid 
without any germination. With the proper amount of mois-
ture, germination took place as rapidly as in moist air and the 
percent of germination was just as high. 
The tests in moist air and on moist substratum showed 
that germination is dependent upon moisture supply, and this 
supply may be obtained from either the air or a moist sub-
stratum. 
GERMINATION TESTS ON MOIST MEMBRANES AND TIN FOIL 
IN AIR WITH KNOWN MOISTURE' CONTENT. 
An effort ~as next made to determine the cooperative in-
fluence of moisture from air and substratum. The apparatus 
used for this was a liter flask (fig. 1), through the cork of 
which was run a glass tube about 15 cm. in length and 1%, cm. 
il' inside diameter. Through the cork of the tube was run a 
wire with its lower end bent into a loop. . The length of .the 
wire was so regulated as to have the loop about 2 cm. above 
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Fig. 1. A flask containing 10 percent sUl-
pllUric acid over which an artificial stigma is 
suspended. 
the surface of the 
liquid. Different per-
cents 0 f sulphuric 
acid (300 ce.) made up 
with distilled 'water 
were put in the flasks. 
From tables of physi-
cal chemistry the per-
centages of moisture in 
the air over the differ-
ent percents of acid 
were calculated. 
After the flasks were 
fitted up they were set 
aside for two or three 
days, to allow equilib-
rium to become estab-
lished between the 
moisture in the air and 
that of the solutions. 
Small pieces of beef 
bladder, which were 
about a millimeter in 
thickness when soaked, 
'were used. Care was 
taken to use pieces as 
nearly uniform i 11 
thickness as could be 
secured. After thoro 
soaking, the mem-
branes were dried on 
filter paper to get rid 
of surface moisture, 
then spread with pol-
len, mounted on the 
wire loops and lowered 
into the flask. 
Upon removing the cork carrying the wire, the tube was 
immediately corked with an extra cork to prevent a change in 
the moisture content of the enclosed air by diffusion. The 
sets were run from 40 to 60 minutes before reading. A dry 
substratum was obtained by substituting tin foil for the mem-
brane. Tables II arid IiI give the results obtained with the 
membranes and tin foil. 
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TABLE II. RIDSULTS OBTAINED WI TH MOIST BLADDER, 
Number of set wilb percentage of germinalion .! 
Average I Moisture 
I I I I I r I 
I percent or 
percent 1 2 3 4 5 6 7 8 
t 
gel'minaHon 
100 0 5 0 0 0 30 0 t 1 4.5 
97 0 5 25 0 40 0 2 0 9 
90 1 10 2 60 95 25 0 12 25.6 
81.3 0 15 15 70 lOO 85 15 15 40 
74.2 0 20 80 80 75 4.0 30 45.7 
68.3 1 95 60 98 80 70 20 30 57 
63.1 80 10 1 6 100 0 0 50 30 
TABLE III. RESULTS OBTAINED WITH TIN FOIL. 
Number of se t wilh percenta ge of ge rminal ion. 
Average 
Moisture 
I I I I I I I 
percent of 
percent 1 2 3 4 5 6 7 8 germination 
I 
100 80 90 90 90 80 95 88 80 85.6 
97 · 80 0 5 1 0 2 0 20 13.5 
90 0 0 0 0 0 0 0 0 0 
81.3 0 0 0 0 0 0 0 0 0 
-------.---
A study of table II, shows that when the moist mem-
branes were used the best germination resulted in air with a 
moisture content, ranging from 81.3 percent to 63.1 percent 
with the optimum in 68.3 percent. 
In table 111, with tin foil, good germination was obtained 
over pure water or in approximately 100 percent atmospheric 
moisture, some in 97 percent but none in the air with a mois-
ture content of 90 percent or lower. When the atmospheric 
moisture was 90 percent or lower, the pollen became much 
plasmolyzed, which showed that there was loss of water to the 
air. At 97 percent and above, the pollen took moisture from 
the air and became turgid. Germination took place when the 
moisture content of the pollen and that of the air were not far 
from eqnilibrium. 
",Vhen moist membranes were used, germination was very 
poor above 90 percent atmospheric moisture and occurred as 
low as 63.1 percent. So germination was quite well limited to 
those percentages in which the pollen lost moisture to the air 
by evaporation. 
The variation in the results of the different sets when the 
membranes were used is probably due first to the lack of 
uniformity in the water content of the different membranes; 
second, to a difference in the closeness of contact between 
I 
J 
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pollen and membrane; and third, to a difference in the water 
requirement of different pollen grains. The membranes dif-
fered some in thiclmess and in texture and it was not possible 
to dry them uniformly. It was not possible to spread the pol-
len grains so that all were in contact with the membrane. 
Those supported on others and not in touch with the membrane 
germinated in a higher percent of moisture than those in 
direct contact. The water requirement for different pollen 
grains and for pollen from different flowers on the same pJant 
01 from flowers of different plants, no doubt varies consider-
ably. Sometimes not only different flowers, but flowers from 
different plants, were llsed in securing pollen for the dif -
ferent sets of tests. 
RESULTS WITH ARTIFICIAL STIGMA. 
To secure a substratum whose water delivery to the pol-
len would be more uniform and allow of control, an artificial 
stigma was devised. This consisted of a glass tube with 3 mm. 
inside diameter, bent so as to contain a long and a short arm. 
The tube was filled with water or sugar solution up to the top 
of the short arm. The animal membrane was tightly fastened 
over the mouth of the short arm by means of wire clamps. By 
lowering the shorter arm and tapping on the tube, the air un-
der the membrane was run out into the longer arm. The 
longer arm was now filled with liquid up to about 1 cm. above 
t.he mouth of the shorter arm. 
TABLE IV. RESULTS WITH TUBES FILLED WITH DISTILL'ED 
WATER. 
Number of se t with percentage of germination. 
Average 
Moisture 
I I I I I I I I 
percent of 
percent 1 2 3 4 5 6 7 8 9 germination 
100 0 0 0 0 0 0 0 0 0 0 
97 1 30 0 20 0 25 0 10 0 9.5 
94 5 0 0 25 0 0 0 0 0 3.3 
90 0 4 0 30 0 0 0 0 0 3.7 
89 10 75 4 40 90 50 90 80 0 49 
81.3 85 75 90 70 40 15 40 0 0 43.3 
74.2 0 90 50 50 5 70 5 4 10 33.2 
68.3 0 10 50 70 25 2 25 80 15 30.2 
63.1 0 0 30 60 30 20 30 60 0 23.3 
42 0 0 60 10 10 0 10 0 88 18.6 
i 
This membrane having its under surface constantly and 
uniformly supplied, should have a constant ap.d uniform de-
liv~r.y to the pollen on its upper surface. These tubes were 
• 
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TABLE V. PERCENTAGES OF GERMINATION OBTAINED ON 
MEMBRANES OVER TUBES FILLED WITH 30 PER 
CENT CANE SUGAR SOLUTION. 
Number or set with percentage of germination. 
Average 
Moisture 
I I I I J I 7 I 
percent or 
percent 1 2 3 4 5 6 8 germination. 
100 15 10 30 25 5 50 10 30 22 
97 90 50 50 80 50 20 95 70 63 
94 40 90 25 10 25 0 25 0 26.8 
90 10 10 10 0 0 0 0 0 3.7 
89 0 0 0 0 0 0 0 0 0 
fastened to the wire loops, and tests were made on these mem-
branes in air with the different percents of moisture. By 
using sugar solutions in the tubes the water delivery to the 
membrane and pollen could be decreased. Table IV gives the 
results with tubes filled vvith distilled water. 
A study of table IV shows that the most favorable per-
cents of atmospheric moisture for germination on the artificial 
stigmas with tubes filled with distilled water, ranged from 89 to 
68.3 percent. The best germination was secured in an atmos-
pheric moisture of 89 percent. The results of the different 
sets were still extremely variable. This variability was in 
part due to the behavior of pollen not in contact with mem-
brane but most of it mnst be attributed to a difference in the 
moisture requirement existing between different pollen grains 
and pollen masses. 
The favorable percents of atmospheric moisture with tubes 
filled with 30 percent sugar solutions ranged from 100 to 94. 
TABLE VI. PERCENTAGES OF (}ERMINATION OBTAINED ON 
DIFFERENT SUBSTRATA IN THE DIFFERENT PER-
CENTS OF ATMOSPHERIC MOISTURE. 
Moisture 
Membrane on tube nIJed 
with dlst. water. 
I 
Membrane on tube fiJled I 
with 30 p ercent sugar. 
--------~--------------~---
100 
97 
94 
90 
89 
81.3 
74.2 
62.3 
63.1 
42 
o 
9.5 
3.3 
3.7 
49 
43.3 
33.2 
30.2 
23.3 
18.3 
22 
63 
26.8 
3.7 
o 
Tlnroll 
85.6 
13.5 
o 
o 
o 
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In table VI the average percents of germination of tables III, 
IV and V are brought together for comparison. 
In fig. 2 the data given in table VI are plotted in curves. 
The optimum amount of moisture for germination read in 
terms of atmospheric moisture is 100 for tinfoil, 97 for mem-
brane on tubes of 30 percent cane sugar solutions, and 89 for 
membranes on tubes of distilled water. It is evident that there 
is a cooperative relation betwieen the moisture of the air and 
that of the substratum in furnishing the required moisture for 
germination. When the substratum delivers no moisture to the 
pollen, the optimum is approximately 100 atmospheric mois-
ture, but if the substratum delivers some moisture, the opti-
mum moves to 89. Thus a variation in the moisture content of 
either substratum or air necessitates a variation in the mois-
ture content of the other in the opposite direction in order to 
maintain the optimum water requirement. 
The curves further show that as the moisture of the sub-
stratum is increased, a greater range in atmospheric moisture 
below the optimum is permissable. 
100 
qo 
00 
c::'ib 
g 
·-50 
EO 
L. 
~40 
0' 
+> 
a5 00 
~ 
f!1- 10 
o 
q7 q4- Cj~q 60 14~ 'ibEB:3 G}~ .30 
PerceDt Of Atmo~rheric Mobture, 
Fig. 2. Curves showing the germination of pollen on tin foil, on mem-
branes over tubes Oiled with distilled water, and on membranes over tubes 
J1JJed with 30 percent cane sugar solUtion. • 
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RESULTS OBTAINED WITH PLANTS 
The next problem was to determine whether or not the 
same conditions controlling germination as found on tinfoil 
and artificial stigmas control fertilization and thus the setting 
of pods in the plants themselves. 
RESULTS OBTAINED WITH TRIPPED FLOWERS. 
In order to test out the results obtained on the artificial 
stigmas and tin foil, the germination of the pollen on the stig-
mas of tripped flowers in the different percentag'es of atmos-
pheric moisture was studied. 
The first tests with flowers were made on August 13. At 
this time, the soil was rather dry and the plants showed some 
wilting during midday. 'l'he weather records for July and 
August show the following rainfall up to August 13. 
July 12, 2 inches. 
July 17, 1 inch. 
July 30, .8 inch. 
August 5, .3 inch. 
Determinations of soil moisture in the plots from which the 
flowers 'were collected showed on August 13, 13.7 percent for 
first 11/'2 ft., and 12.6 percent for second IV:! ft. (percents based 
on dry weight). 
The plants were collected at about 1 p. m. and were con-
siderably wilted when brought to the laboratory. They were 
left spread out on the laboratory table until the flowers were 
much wilted. The purpose was to secure stigmas with a low 
water content. After sufficient wilting, the racemes with 
their flowers tripped were suspended on the wire loops in the 
different percentages of atmospheric moisture. Table VII 
gives the germination obtained on the stigmas of these flow-
ers. 
With the wilted flowers as shown in table VII, the best 
germination was obtained in 90 percent atmospheric moisture. 
Pollen massed on the stamens and corolla and getting no 
TABLE VII. SHOWING GERMINATION OBTAINED ON STIGMAS 
OF WILTED FLOWERS IN DIFFERENT PERCENT-
AGES OF ATMOSPHERIC MOISTURE. 
Moisture 
percent 
Number of 
flowers. 
----------~----------
:00 
97 
90 
89 
30 
26 
27 
32 
I Average number of pollen grains germin-ating on each stigma. 
None on stigma but almost 100 percent In 
pollen massed on stamens and corolla. 
3 on stigma. None elsewbere. 
15 on stigma. None elsewbere. 
12 on stigma. None elsewhere. 
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moisture from a substratum germinated in 100 percent atmos-
pheric moisture, while on the stigma there Was no germina-
tion. The best germination on the stigma was secured when 
the pollen was losing moisture to the air. These stigmas 
would possess some moisture, and if so, the results obtained 
are in accord ,vith those obtained with the artificial stigmas, 
namely, that the germination of pollen on a moist substratum 
depends upon the proper relation of evaporation to absorp-
tion. 
Other racemes were cut off under water and allowed to 
stand in water in a moist chamber for two hours. The purpose 
was to secure stigmas well filled with water. The results from 
these flowers were so similar to those obtained from flowers 
after the rains, that they are included in the same table. 
From September 7 to 13, eight inches of rain fell. Fol-
lowing these rains the flowers fell and no pods were set. Tests 
were run just after these rains with flowers gathered in the 
morning and on cloudy, humid days. The water content of 
these stigmas should have been high. The results are given 
in table VIII. 
On tests with wilted flow,ers, the lower percentages of at-
mospheric moisture were not used, so only comparison can be 
made in the higher percentages. In percentages of 89, 90 and 
97, where germination was obtained with wilted flowers, none 
occurred with turgid flowers. Thus germination on the turgid 
stigmas required a dryer atmosphere, and this is in accord 
with the results obtained on the artificial stigmas and tin foil. 
RESULTS OBTAINED WITH PLANTS GROWN IN GREENHOUSE. 
Plants from the field were potted and brought into the 
green house in October of 1913. Six plants were potted in 12 
inch pots and six plants in 6 inch pots. The plants began flow-
TABLE VIII. GER'MINATION OF POLLEN ON STIGMAS WITH 
HIGH WATER CONTENT. 
Moisture Number or \ Average number of pollen grains germln-
percent flowers. atlng on each stigma. 
100 4 0 Excellent germination In pollen 
masses on stamens and corolla. 
97 16 0 
90 12 0 
89 20 0 
813 16 1 Range was from 0 to 14. 
74.3 25 3 Range was from 0 to 13 
68.3 36 2 Range was from 0 to 12. 
63.1 32 10 Range was from 0 to 20. 
42 12 3 Range was from 0 to 10. 
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ering in May and set pods when tripped. Two vigorous plants 
in 12 inch pots were marked and first racemas tripped. On 
plant No.1, 70 flowers tripped gave 47 pods. On plant No. 
2, 109 flowers tripped produced 51 pods. 
The average moisture content of the greenhouse air dur-
ing the period that this work was carried on was 88 percent 
between 7 and 8 a. m.; 72 percent beetween 11 a. m. and 1 p. 
m.; and 80 percent between 5 and 7 p. m. Th moisture con-
tent sometimes dropped as low as 59 percent at noon and ran 
as high as 96 percent between 7 and 8 a. m., depending upon 
the time and amount of watering done in the greenhom:e. 
After plants Nos. 1 and 2 had been tested for pod setting, 
they w,ere then transferred to the glass box, which was locat-
ed in a fairly 'well lighted region of the greenhouse, and the 
watering of their soils was lessened. The average moisture 
content of the air in the box was 95 percent between 7 and 8 
a. m.; 92 percent between 11 a. m. and 1 p. m. and 93 percent 
between 5 and 7 p. m. As the flowers opened, they were 
tripped, but all fell without setting pods, while the plants 
outside the box continued to set a fair percent of pods 
thruout their flowering. 
Plant No.1 was cut off and allowed to develop a second 
crop in the box. The second crop stems were exceedingly long, 
and produced only a few racemes, which, nevertheless, bore 
vigorous looking flowers. A total of 96 flow:ers were tripped, 
but all fell w'ithout setting pods. The flowers were caught on 
paper and an examination showed that no fertilization had 
taken and no pollen tubes were found. From these results, it 
appears that a high moisture content of the air can prevent 
the germination of the pollen on the stigma and thus prevent 
fertilization. 
RESULTS OF WATERING ON FIELD PLANTS. 
On August 13, a hole 3 feet in depth was dug in the al-
falfa plot. Moisture tests showed 13.7 percent of moisture in 
the first 1 1-2 feet and 12.6 percent in the second. The plants 
were producing second crop flowers and were setting pods 
abundantly everywhere in the plot. This hole was filled with 
.water three times a day. Within 6 days, the plants in a rad-
ius of about 3 feet of the hole were dropping their flowers. 
Beyond a rather well marked line and over the remainder of 
the plot, the plants continued to set abundant pods. The aver-
age atmospheric moisture during this period w~s 74 percent 
between 7 and 10 a. m.; 66.4 percent between 12 and 2 p. m. 
and 58.5 percent between 5 and 7 p. m. , An examination of 
fallen flowers showed p.o fertili:>;ation. ' 
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The cause of the falling of flowers must be attributed to 
the increased soil moisture, which interpreted in the light of 
previous results, permitted the moisture content of the stig-
mas to become too high for the germination of the pollen. 
The weather continued dry and hot thru August and 
up to September 7 when the rains began. Within 7 days, 8 
inches of rain fell. One plot was then producing the third 
crop of flo·wers. The early racemes were setting pods before 
the rains, but the later flowers, developed after the rains, 
set no pods. Soon after the rains, the days were bright and 
warm and the atmospheric moisture dropped to 77 percent 
between 8 and 10 a. m.; 65 percent between 12 and 2 p. m.; 
and 59 percent between 4 :30 and 6 p. m. for September 23, 24 
and 25. Moisture determinations of the soil made on Septem-
ber 24, showed 22.2 percent for first 11j2 feet and 24 percent 
for seeOYld 1% feet. Flowers tripped by hand or insects dur-
ine: these days set no pods. 
Since the moisture content of the air was almost as low as 
thru August, when the flowers set pods abundantly, the 
failure must be attributed to the increased soil moisture and 
its effect upon the water delivery of the stigma. These field 
tests , show that the soil moisture is an important factor, and 
a hove a certain amount prevents fertilization. 
The results obtained first from the tripped flowers in the 
different pereentages of atmospheric moisture; second, from 
the plants in the moist air of the glass box; third, from the 
fIeld studies of the effect of increased soil moisture, strongly 
support the view that the behavior of the pollen on the stigma 
of the plant is identical with that manifested on the artificial 
stigmas. This means that unless the pollen's imbibition of 
water from the stigma and its evaporation to the air are 
properly balanced, there will be no fertilization. A change 
jn the moisture content of the stigma which would be expected 
to result from an increase or decrease of soil moisture, or a 
change in the moisture content of the air, will affect this bal-
ance. 
IDFFECTS OF SOIL MOI,STURE ON GREENHOUSE PLANTS. 
The six plants used in the experiment to test the effects 
d soil moisture upon the seed setting by plants in the gre-en-
house were in six inch pots. These plants with an average 
wtatering of 500 cc. a day, produced a good vegetative growth 
and abundant flowers during the first crop, and the flowers 
set pods abundantly when tripped. The second crop of these 
plants was watered normally until the second growth was well 
started. 'l'hey all starV,d a vigorous second growth, and were 
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TABLE IX. RESULTS OF SOIL MOISTURE ON SETTING OF 
PODS. 
I Average amount of I No. Of plant water added daily I 
1 
2 
3 
4 
5 
6 
475 cc. 
785 cc. 
210 cc. 
1175 cc. 
90 cc. 
90 cc. 
No. of 
flowers I Percent of flowers of pods setting pods 
219 
185 
M 
77 
72 
30 
34.7 
38.9 
00.5 
Produced no flowers and died as result of 
too mucl1 water. 
6 1 
Plant made little vegetative growth, suf-
fering continuously from lack of water. 
35 3 8.5 
Plant made a little vegetative growth; suf-
fered continuously from lack of water. 
all apparently normal when the experiment was begun. Table 
IX gives the results of the experiment. 
The plants included in this experiment were too few to 
base any conclusions upon the results obtained. The results, 
how.ever, are suggestive. 
The highest percentage of pods was obtained on plant No. 
3, which received 210 cc. of water daily. This plant when 
thru flowering, was less than half the size of plant No.1, 
a.nd with its much higher percentage of pods, produced less 
than half the amount of seed. The size of the plant is direct-
ly related to the number of flowers borne and to the amount 
of seed produced, and the plant having a water supply suf-
ficient to produce the maximum number of flowers and still 
permit fertilization, will be the best seed producer. 
Plant no. 2 showed signs of suffering from excessive 
watering. It produced fewer flowers, but a high percentage 
of pods, which showed that fertilization was not much af-
fected by the excess water supply to the soil. This is not in 
accord with field observation, as shown earlier in this bulletin. 
These plants could not have a normal root system, and it is 
probable that with the limited root surface, water could not be 
taken up rapidly enough to inhibit the germination of the pol-
len on the stigma. 
Plants nos. 5 and 6 were so stunted that they produced 
very few flowers but even under these extreme conditions 
some fertilization took place. The germination of pollen on so 
dry a stigma would only occur when the air was quite moist. 
Between 7 and 8 a. TIL when the average moisture of the air 
was 88 percent, germination could occur on a rather dry stig-
ma. 
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During the latter half of August and up to September 7, 
the plants in the plots \-vere much affected by drought. The 
plants were more or less 'wilted during a part of the day and 
made slow growth. During this period, pods set abundantly. 
The daily variation in the atmospheric moisture gives oppor-
tunity for the proper moisture conditions to occur on a rather 
dry stigma. The records sho'w a daily range from 58.5 per-
cent to 77 percent in atmospheric moisture; if taken earlier 
in the morning or at night they would probably have shown a 
greater range. For pollen on a dry stigma, the proper mois-
ture conditions w'Ould probably occur at night or in the early 
morning. 
THE ABORTION OF SEED. 
Blasted seed quite commonly occurs in alfalfa, and ac-
cording to reports of investigators, it is associated with 
drought occurring during the time the pods are maturing. The 
summer of 1914 was particularly favorable for the study of 
this feature at the Iowa Agricultural Experiment st ation. 
Thruout August and up to September 7, the ground was 
quite dry and the days were bright and hot. The rainfall 
from July 1 to September 7 was about 3 inches and 2.3 inches 
of this fell before August 4. On August 13, the average soil 
moisture in one plot for a depth of 3 feet was 13.15 percent. 
At this date, the plants during midday wilted some, and dur-
ing the remainder of this dry period made only a slow growth. 
Plants set pods abundantly thruout this drought, but only 
3, small percent of pods matured normally developed seeds. 
The blasted seeds were nearly normal in length and width. 
rut very thin and had the appearance of a collapsed, empty 
seed coat. A number of these seeds were imbedded and sec-
tioned. All were found to contain embryos with arrested de-
velopment. The blasting had not been due to a lack of fer-
tilization, but some cause which checked the development of 
the embryo. 
In every case fungal hyphae were found present in the 
tissues of these aborted embryos. The hng-us was not iden-
tified and its relation to the blasting was not determined, but 
it. seems probable that the presence of the fungus is a result 
of the weakened condition of the plant and not a first cause 
of the blasting. 
DISCUSSION 
The results of the work presented in this bulletin, show 
that the germination of alfalfa pollen is dependable upon mois-
-ure. From the germination tests in the laboratory, it appears 
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lhat germination depends upon a trigger-like mechanism which 
g'oes off when the required moisture is at hand, and the amount 
I)f moisture is eql~al to that which the pollen can obtain from 
approximately saturated air. 
The two factors controlling the moisture are the air and 
&ubstratum with which the pollen is in contact. At what point 
below saturation the pollen ceases to take water from the air 
was not determined, but in tests on tin foil, the pollen was 
plasmolyzed when the atmospheric moisture was 90 percent 
and soon became turgid in percentages above 97 percent. 
Somewhere between 90 and 100 percent atmospheric mois-
ture there is a point where the moisture content of the pollen 
and that of the air are in equilibrium. It may be tQat the re-
Guisite water supply is just that amount which is sufficient to 
break the equilibrium in favor of the pollen. On a moist mem-
brane in 100 percent atmospheric moisture, there was little 01' 
no germination, although the pollen \\~as apparently in good 
condition. So, too much moisture, as well as not enough, prf'-
vents germination. 
A study of tables II and IV shows that on membranes 
1110ist with distilled water, germination was quite well limited 
to those percents of atmospheric moistme in which the pollen 
lost moisture to the air. Table V shows that when these mem-
IJranes were moist with a 30 percent sugar solution, which cut 
flown the absorption of water by the pollen, the germination 
took place when the pollen lost little or no moisture to the air. 
From these tables it appears that the moisture requirement is 
. obtained by the proper adjustment of evaporation and absorp-
tion. If evaporation increases as absorption from the substra-
tum increases, the moisture requirement will be maintained 
~,nd germination will occur. If either evaporation or absorp-
tion changes without the other, germination is prevented. 
'l'he results obtained when ulants were used show that the 
E-tigma plays the part of a moist membrane, and that this same 
adjustment between absorption and evaporation is necessary 
i 0 secure the proper functioning of the pollen on the stigma. 
Field plants well watered set no pods, while the plants 
not affected by the increased soil moisture set pods abundant-
ly. Plants setting pods well in the atmospheric moisture of 
the greenhouse would not do so when kept in an atmospheric 
moisture of 95 percent, even though the amount of water ap-
plied to the soil was decreased. In the first case, the increase 
of soil moisture made it possible for all cells of the plant to 
have a more dilute cell sap, and permitted the pollen to draw 
too much water from the stigma. In the second case, the mois-
ture of the air and that of the pollen were so nearly in equil-
ibrium that almost a dry substratum would have been required 
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to meet the mo.isture requirement for germination. In each 
case, the most probable explanation of the lack of the fertiliza-
tion is that the amount of moisture absorbed and retained by 
the pollen was above the maximum for germination. 
On the plots at the Iowa Agricultural Experiment station, 
the conditions were favorable tor fertilization when the soil 
moisture was 13.7 percent in the first 1% feet and 12.6 per-
cent in the second 1% feet of soil, and atmospheric moisture 
averaged 74 percent between 7 and 9 a. m.; 66.4 percent be-
tween 12 and 2 p. m. ; and 58.5 percent between 5 and 7 p. m. 
When the soil moisture was changed by the rains to 22.2 per-
cent and 24 percent for the respective depths, fertilization did 
not take place on those days when the moisture of the ail' was 
very little higher than the previous average. 
Since the amount of moisture which a plant is able to take 
from the soil depends both upon the percentage of moisture 
present in the soil and the nature of the soil, the percent of 
soil moisture most favorable for fertilization will vary with 
different localities. 
The ability of plants to set pods when the soil is so ex-
t.remely dry is probably due to the daily variation in the at-
mospheric moisture. As drought increased on the plots, the 
. propel' water requirement of the pollen was met earlier in the 
day or at night. -When the moisture of the air ,vas 74 percent, 
germination could have taken place on a rather dry stigma. 
With the moisture, which could be absorbed from the stigma, 
the pollen could remain dormant and still maintain its vitality 
until favorable conditions for germination arrived. 
But when the soil is so dry that little vegetative growth 
iE. made, the plants produce few flowers and cannot be good 
seed producers. Those plants favored ,vtith a soil moisture 
suitable for the largest production of flowers and yet permit-
ting fertilization, should be the best seed producers. In re-
gions where the water supply is controlled by irrigation, the 
efficiency of the plant will depend much upon the time and 
amount of watering. . 
rrhe records of atmospheric moisture were taken from a 
hygrometer hanging in a bell house and do not give the mois-
ture conditions of the air immediately surrounding the plants. 
Vvhen the plants are crowded so that there is little or no cir-
culation of air, the moisture content of the air surrounding 
the plant and in the corolla no doubt becomes quite high. If 
the general moisture conditions were only a little below the 
maximum for fertilization, then these local conditions of at-
mospheric moisture would prevent fertilization. This is 
in accord with the general observation that isolated 
plants set seed best. When it became dry enough on the plats 
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for the setting of pods, the first plants to set pods were the 
stragglers on the edges of the plats. Furthermore, the more 
humid air around crowded plants cuts down their transpira-
tion, and by permittillg the cells to retain more ,.vater, may in-
crease the water delivery of the stigma. If crowding modifies 
the ratio between aerial and root surface, it will affect seed 
setting. Plants with a small root surface and a large trans-
piring surface should be less gorged with water and set pods 
with a greater soil moisture than those plants with a greater 
proportion of root surface, and the reverse would be true if 
the root surface overbalanced the aerial surface. 
Hansen 11 has obtained some ven' suggestive results from 
plants allowed plenty of space. These plants were not only 
remarkable for their production of aerial surface, but also for 
their seed production. 
From Hansen's work it apnears that the individuality of 
the plant is to a large extent destroved when the nlants are 
('row'ded. and from the standnoint of seed setting, it is prob-
able that the ratio of aerial surface to root surface is most 
roncerned. 
BLASTING OF SEED. 
The cause of seed abortion needs further investigation 
before anv conclusion can be drawn . According to reports, 
it is a rather common occurrence and I1nnears if it is too dry 
at the time the nods are maturinl!. The arrest.eo. develop-
ment of the emhl'vo mav be dne to the presence of the fungus, 
the invasion of which denends llD(lJl t.he lovv water content of 
1he plant, or both the invasi()]1 of thl"' fllM!'l1S and blasting mav 
denend unon the plant's weakened cnno.it.ion during drought 
lmd simnly accompany each ot.her. In either case. blasting is 
associated wit.h drought and it. seern~ that. in irrigated regions 
much or all of it could be prevented by proner irrigation. 
SELECTION FOR SEED PRODUCTION. 
Selection with some succef'S has a1rp,adv heen accomnlished 
bv Blinn of the 00101'30.0 Exnerime:'nt st::1tinn. The:' selection 
of strains for seed production in thl"' more hnmid regions will 
consist in picking nnt those plants in which fprt.ilization wi]] 
take n1ace under t.he most humid ronclit.ions Of C011rse, this 
is not the only feature to be considerl"'d. b11t it. Sh011ld receive 
first attention. After such a strain hM' heen seClll'ed. then selec-
tion for other featnres can be ran'ied (1]1. It is to be exnected 
t.hat some disappointment will orcn1' in this course of 8e1er-
tion. A plant may be setting pods under the more humid 
11. Hansen, N. E. AHalf" !'lUll, S. Dakota MIT, EXp, ll t ft, 141. 1: 1913, 
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('onditions because of a comparatively small root surface, due 
to crowding or some other cause. This desirable feature of 
the plant is then a result of a modification and is not inherit-
able. Plants from which selections are to be made should have 
plenty of room, so as to be given opportunity to show their 
individualities. 
